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ABSTRACT 
One of the limitations of topical photodynamic therapy (PDT) using 5-aminolevulinic acid (ALA) is the poor ability to 
penetrate biological barriers of skin and the recurrence rates in treatments. This study aimed to identify possible signs 
of increased diffusion of ALA-induced PpIX by fluorescence images and fluorescence spectroscopy. The research was 
done using in vivo porcine skin model. Before the cream application, microholes was performed with microneedles 
rollers in only one direction, afterward the ALA cream was applied at a 2.5cm2 area in triplicate and an occlusive 
dressing was placed. PpIX production was monitored using fluorescence spectroscopy collected at skin surface after 70, 
100, 140, and 180 minutes of ALA incubation. About 100 fluorescence spectra of each treatment were collected, 
distributed by about five points for each site. Wide-field fluorescence imaging was made after 70, 90, and 170 minutes 
after treatment. The results obtained by imaging analysis indicated increase of the PpIX diffusion in the skin surface 
using the microneedles rollers (MNs) before ALA application. Circular regions of red fluorescence around the 
microholes were observed. In addition, the fluorescence spectra showed a greater intensity (2 times as many) in groups 
microneedles rollers associated. In conclusion, our data shown greater homogeneity and PpIX production in the groups 
pre-treated with microneedles indicating that the technique can be used to greater uniformity of PpIX production 
throughout the area to be treated reducing the chances of recurrent tumor as well as has potential for decreasing the time 
of therapy. (FUNDING SUPPORT:CAPES, CNPq and FAPESP) 
Keywords: Microneedles rollers, Wide-field fluorescence imaging, Fluorescence spectroscopy, homogeneity, PpIX 
production. 
1. INTRODUCTION (2 PAGES) 
Skin cancer occurrences have risen in white populations around the world. According to the World Health Organization 
(WHO) between 2 and 3millions of non-melanoma skin cancer and 132 thousand cases of melanoma skin cancers has 
happened every year in the world, and this makes investments are necessary in diagnostic and treatment research [1].  
The options of cancer treatment can vary depending on the sensitivity of the therapy, the type and extent of the cancer. 
The commonly used treatments eliminate the tumor by surgical excision, chemotherapy or radiotherapy, and shown good 
efficacy in the treatment. However, also trigger the death of cells of normal tissue and cause many serious side effects in 
the short and long term, because of its low specificity. In this context, the use of Photodynamic Therapy (PDT) has been 
increasing. PDT is a new modality in cancer treatment that takes advantage of the principle that a specific wavelength 
focusing on cells in the presence of a photosensitizer and oxygen may result in reactive oxygen species (ROS). In 
particular, the photosensitized production of singlet oxygen is the major mediator of photochemical damage, causing 
necrosis or apoptosis of cells and thereby allowing tissue reconstruction. 
The photosensitizer used in therapy can be applied in several routes as topical, oral and intravenous. Among the 
photosensitizing agents used in topical PDT, there are 5-aminolevulinic acid (ALA) and the methyl aminolevulinate 
(MAL), which when applied to the skin induces the formation of Protoporphyrin IX (photosensitizer) selectively in 
tumor cells. This selective accumulation can be explained due: the high metabolic activity of neoplastic cells ( 
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metabolizing ALA into PpIX faster than healthy tissue during heme synthesis), low activity of ferroquelatase, high 
affinity of porphyrins with low density lipoproteins present in this cells, and others. [2, 3, 4] 
The most common applications of topical-PDT in the dermatology today are in basal cell cancers (BCC), Bowen's 
disease and actinic keratosis (solar keratosis). [5] The topical PDT treatment, has several advantages over others methods 
such as: fast metabolism, selectivity, rapid systemic clearance (without scratches and damage to normal tissue), and 
because sensitizer absorbs visible light. However, topical PDT has the limitation of treatment-associated pain, and low 
penetration depth of the tumor, and cases of recurrence. Thus, PDT is mostly used for large skin cancers that are not too 
deep or where there are several cancers in an area.  
Regarding of recurrence limitation, studies have shown high recurrence rate of PDT-treated tumors. In a survey 
conducted by Rolf-Markus Szeimies et al. 2005 the rates range from 5 to 25%. [6] Stanley B. Brown et al. 2004 recorded 
clinical cases of topical aminolevulinic acid in patients with multiple actinic keratoses of the face and scalp showing that 
the recurrence rate was 5·0%. [7] Basset et al. in randomized trials for superficial BCC with M-ALA the verified 
recurrence rate was 22%. Another limitation is the protocols of the topical treatments of nodular skin lesions. These 
factors may be related to a small production and / or poor distribution of induced PpIX in the lesions. [8]  
In this context, the combination of devices such as microneedles rollers, tape stripping, curettage, iontophoresis, 
microneedles, ultrasound, and others, has been studied in the quest for providing higher production production and better 
distribution of ALA-induced PpIX. In this study, we analyzed the combination of microneedles rollers to the PDT and 
verified the production and distribution of PpIX using fluorescence spectroscopy and wide-field fluorescence imaging. 
2. MATERIALS AND METHODS 
2.1 Animals  
The animal experimental protocol was approved by the Research Ethics Committee of Faculdade de Ciências Agrárias e 
Veterinárias - UNESP (Jaboticabal, Brazil). Two young (2-5 months) healthy landrace pigs weighting 18±2 kg were used 
in the study. Chemical immobilization was performed by intramuscular administration of the association of ketamine (12 
mg/kg), midazolam (0.5 mg/kg) and acepromazine (0.1 mg/kg). Ten minutes after injection, animals were moved to the 
experimental room and the auricular vein and artery were punctured with a 22G gauge over-the needle catheter for drugs 
administration and blood pressure monitoring, respectively. Anesthesia was induced with propofol (4 mg/kg), animals 
were intubated with a 6.5-mm endotracheal tube, and anesthesia was maintained at 1.0 to 1.5% isoflurane concentrations 
diluted in 100% of oxygen (1L/min), under spontaneous ventilation. Animals were placed in sternal recumbency and an 
infusion of the association of morphine (10mg), ketamine (15mg) and lidocaine (150mg) diluted in 500mL of NaCl 0.9% 
was performed at a rate of 10 mL/kg/h. Electrocardiogram, invasive blood pressure, rectal temperature oxyhemoglobin 
saturation, respiratory rate and end-tidal carbon dioxide were monitored. To maintain blood pressure above 60mmHg, 
dobutamine was administered as an intravenous infusion (1-5 μg/kg/min). Euthanasia was performed with the same 
chemical immobilization protocol previously described and 30 mg/kg of propofol (IV). 
2.2 ALA 
The studies were done using 5-Aminolevulinic acid hydrochloride (5-ALA) with a 20% concentration, in an oil-in-water 
emulsion (O/W), obtained from PDT-PHARMA (Brazil), containing: water (~70%), emulsifying agents (O/W) around 
20%, preservatives, viscosity agents (alcohols), humectants and moisturizing agents (urea and propylene glycol), BHT 
(0.05%), EDTA (0.15%) and DMSO (5%).The formulation was evenly applied to a 2.5cm2 area with a sterile spatula, 
using a density of 32 mg/cm2. The area was dressed with an occlusive mask to protect it from light. 
2.3 Microneedles Rollers 
For this study, microneedles rollers in two lengths (0.5 and 1.0mm), from the same brand (MT Roller), were used. All 
devices showed the same thickness, spacing and arrangement of needles. 
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2.4 Fluorescence Spectroscopy 
Para coleta de fluorescência da PpIX produzida foi utilizado um sistema com excitação na região do 408 (Laser de 
semicondutor) e 532nm (frequency-doubled Nd3+:YAG excitationLaser). Este sistema possui um espectrômetro (Ocean 
Optics) que avalia fluorescência entre 350 e 1000nm. O sistema de entrega de luz e coleta da fluorescência é realizado 
por uma sonda em Y, e filtros na região de excitação são usados para remoção da luz retroespalhada. Todos os dados 
obtidos são armazenados em um computador acoplado ao sistema. 
To fluorescence collection of PpIX was done using a system composed of a doubled Nd: YAG laser emitting at 532 nm 
and a spectrometer (Ocean Optics), collecting fluorescence in the range from 350 to1000 nm. The excitation laser was 
coupled with a Y-type probe that delivers the excitation light and collects the emitted fluorescence from the surface 
through six fibers distributed around the central excitation laser as previously described first [9]. The system is carried by 
a probe in Y, and in the region of excitation filters are used to remove the backscattered light. All data are stored on a 
computer connected to the system. 
2.5 Wide-field Fluorescence Imaging 
To acquire wide-field fluorescence imaging, a commercial device called Evince (MMOptics, Brazil, São Carlos, SP) was 
used. Evince is an equipment comprised of a lighting device based on LEDs, emitting around 400 nm and 450 nm high-
pass filter, dichroic mirrors and band pass filter. For acquisition of pictures this system is coupled to a macro lens and a 
digital camera (Sony DSC-H50 9.1MP) using an adapter. This system is useful as tool in the diagnostics of skin lesions 
as well as in the visualization of PPIX formation at skin surface. 
2.6 Study Design 
After anesthesia, the dorsal region was shaved using shaver in the presence of a shaving cream (Bozzano Sensitive Skin, 
Hypermarcas S.A, Brazil) and in the following washed with saline solution. Afterward, the shaved dorsal region was 
dried with gauze and divided into 9 regions in the 2.5cm2 area, where the treatments were performed, using three 
different regions for each microneedles rollers (0.5 and 1.0mm) and 3 regions to control group (without microneedles 
application). 
The acquisition of wide-field fluorescence imaging was done using three different regions of each treatment (needle-free 
and microneedles rollers with 0.5 and 1.0mm). For fluorescence and autofluorescence spectroscopy analysis the 
spectrum was collected at 5 points in the area of 2.5 cm2 and at each point (n=2), around 20 Fluorescence measurements 
were performed (100 spectra/area/each time). It is important to mention that the regions used to evaluate the wide-field 
fluorescence imaging and fluorescence spectrum were different avoiding interference problems in the measures. Firstly, 
the fluorescence was measured at the skin surface using a spectrometer and pictures of the area was taken using the 
wide-field fluorescence imaging equipment. Also the fluorescence spectrum and wide-field fluorescence imaging after 
microneedles rollers (0.5 and 1.0mm) application was performed. Following this, the 5-ALA cream was applied with a 
spatula in all regions and covered with an occlusive dressing.  
The wide-field fluorescence imaging was acquired after 70, 90, and 170 minutes and fluorescence spectrum was 
collected after 70, 100, 140, and 180 minutes after cream application. The ALA cream was reapplied after each 
measurement in the same amount. The evaluations from spectra were done comparing the highest fluorescence 
intensities around 634nm (characteristic of PpIX). The spectrum evaluations were performed using MATLAB program. 
The image processing was performed on a routine written in Matlab program using a matrix that separates the RGB 
pixels and shows only the red pixels of all intensities (from the lightest to darkest). 
3. RESULTS  
3.1 Wide-field Fluorescence Imaging  
The wide-field fluorescence imaging to all treatment groups (pretreated and non-pretreated with microneedles rollers) 
can be visualized in the Table 1.  In this table the red component of the RGB images represents the PPIX formation and 
the black regions represent the green and blue channels subtracted of the images (n=1).  
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The autofluorescence imagings were collected before the ALA cream application in the presence and absence of 
microholes.  Poor or no red fluorescence was noted prior to the application of topical ALA (Autofluorescence, Table 1). 
In addition, after ALA application the PpIX increases with respect to incubation time.   
Spaced and rare regions of ALA-induced PpIX formation for the group non-pretreated with microneedles can be 
observed in Table1, indicating smaller homogeneity in all incubation times than treatments using microneedles rollers. 
Optimistically, this method allowing observing that in the presence of microneedles rollers the diffusion of ALA-induced 
PpIX is greatest than for non-treated groups from the early until the last incubation time (70-170min).  
In the images of groups pretreated with microneedles in the second column of the Table 1 (70 min of treatment) is 
possible to observe presence of pores with arrangement similar to MN device. As an indicative of the ALA diffusion by 
the microholes, are shown red circles around the pores. Furthermore, after 90 minutes of incubation the red circles 
around microholes lost their sharpness, certainly due to the larger amount of ALA-induced PpIX. 
Table 1. Wide-field fluorescence imaging all treatment groups (with and without presence of microneedles rollers-MN) as a 
function of treatment time with ALA until 170min 
3.2 Fluorescence Spectroscopy 
As described above, the autofluorescence spectra were collected before the ALA cream application in the presence and 
absence of microholes. The fluorescence spectra from PpIX produced were collected for all treatments (pretreated and 
non-pretreated with microneedles rollers) after ALA cream application in several times (n=2).  
After the fluorescence collection, averages of emission intensity were done to each treatment group. The Figure 1 shows 
fluorescence spectra (average spectrums) to both treatment groups (treated and non-pretreat with microneedles rollers) as 
a function of ALA incubation. It is possible to observe that the association of microneedles increases the fluorescence 
intensity around 2 times as many. Additionally, the fluorescence intensity is highest to pretreated group using 
microneedles with 1.0mm length in 180 min. 
4. DISCUSSION 
In the present study, we used fluorescence spectroscopy and wide-field fluorescence imaging in the search for evidence 
of increased depth and diffusion of ALA-induced PpIX. For this purpose, we evaluated by images the distribution of red 
fluorescence in the skin surface, and by fluorescence spectrum, the peaks intensity of the fluorescence in skin pretreated 
and non-pretreated with Microneedles rollers. 
 Autofluorescence 70 min. ALA incubation 
90 min. ALA 
incubation 
170 min. ALA 
incubation 
ALA 
(non-
pretreated) 
    
0.5mm-
MN 
    
1.0mm-
MN 
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With respect to wide-field fluorescence imaging applied to photodynamic therapy, it appears in several investigations 
and clinical diagnosis as a noninvasive method. The use of fluorescence imaging applied to photodynamic therapy is 
increasing and has been applied in the diagnosis of skin lesions, surgical boundary demarcation, detection of recurrence, 
monitoring in the treatments of skin lesions, limits evaluation, and, others as a noninvasive method. Researches done by 
Christian S. Betz et al. 2002 [10] employing the fluorescence imaging to evaluate the fluorescence produced by 5-ALA-
induced PpIX at in oral cancer showed effective method to identifying and delimiting margin of precancerous lesions 
and areas of cancerization. In these studies the researchers compared histopathological analysis with fluorescence 
analysis. The fluorescence imaging technique by Jaap de Leeuw et al. (2009) was considered applicable in the diagnosis 
of non-Melanoma Skin Cancer at early stage, in the evaluation of limits as well as in the monitoring of treatment. [11] 
On the other hand, only a few studies have been made on the ALA-induced PpIX diffusion evaluation with this potential 
technique. 
 
Figure 1- Fluorescence intensity to all treatment groups: pretreated group using microneedles rollers of 0.5 (1-MN) and 
1.0mm (2-MN) and control group using only ALA or needle free (*) as a function of treatment time with ALA ( 70, 100, 
140 and 180 minutes). The autofluorescence (AF) also is presented in graph. 
In view of this, in this study we propose to demonstrate by fluorescence images the distribution of red channels 
(representative of FS fluorescence) to groups pretreated and non-pretreated with MNs, captured in several times 
(Fluorescence images are shown in Table 1). Our images show that in non-pretreated areas there are spaced and rare 
regions of PpIX formation that can be attributed mainly to so-called "shunt routes" (hair follicles, sweat ducts). These 
routes occupy only 0.1% of the skin surface and, in addition, small ducts can be found evacuated or secreting sweat 
reducing the drug penetration. [12] However, in the groups pretreated with microholes the diffusion of the drug and 
formation of photosensitizer in normal skin is increased. The potential of microholes in the disruption of SC barrier is 
demonstrated by the presence of pores in the images (with arrangement similar to device MNs) and the presence of red 
circles around the microholes, viewed in the images for the time of 70 minutes ALA incubation for groups pretreated 
with microholes of 0.5 and 1.0 mm . Furthermore, it is shown to be feasible in diffusion of the drug once that after 90 
minutes of incubation time the red circles around microholes lost their sharpness certainly due to a larger amount of red 
channel.  
Note that even if normal tissue are recognized by presenting a lower accumulation of ALA-induced PpIX than do the 
malignant tissue, this and others studies have shown that there is extensive formation of PpIX when treatments are 
combined with MNs. This fact leads to the possibility that the preferential localization of the PS in tumor is due, among 
others aspects, to differences in the stratum corneum, causing a deeper penetration of ALA in neoplastic tissues than do 
in normal tissue. The good efficiency of PDT in the treatment of nonmelanoma skin cancer and the delivery limitation of 
ALA in melanoma, may confirm this suggestion. According to Peter Åberg et al. 2004 [13], the stratum corneum of non-
melanoma skin cancer are often scaly, while melanoma often manifest in deeper layers not affecting the stratum 
corneum. 
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Confirming the potential of microholes, the fluorescence spectra allowed us to induce an increase in the production and 
of ALA. By comparing the fluorescence intensity in the wavelength corresponding to protoporphyrin IX emission (at 
634 nm), our data showed that the inclusion of microholes increased about 2 times as many the intensity of the spectra 
being an indicate of higher PpIX production (Figure 1).  
Wide-field fluorescence imaging and fluorescence spectroscopy revealed that groups pretreated with microholes have 
high homogeneity and higher amount of PpIX production compared to non-pretreated (needle-free) group. Thus, 
microneedles may be used as a potential tool to improving the topical PDT. Topical PDT is effective in surficial 
nonmelanoma skin cancer treatments, carefully long-term follow-up is required, because of the recurrence rates.[14]  
One research realized by Wang et al. 2001 [15] recruiting individuals (BCC nodular and surficial patients) reported 
recurrence rates of 25% in group treated with topical ALA-PDT. Moreover, the location of the sensitizer is related to the 
place where the damage occurs after irradiation. Therefore, the greater homogeneity seen in the groups pre-treated with 
microneedles give indications that the technique can be used to greater uniformity of PpIX production throughout the 
area to be treated, reducing the chances of recurrent tumor.  
Other limitations of topical PDT are the depth of penetration of ALA as well as the long incubation time required. 
Although microneedles suggest promote greater penetration depth, the use of microneedles for improvements of delivery 
depth in tumors with certain aggressive subtypes have been not indicated. Moreover, images and spectra indicated a 
higher porphyrin formation in the treatments associated with micro holes, within the first 70 minutes of incubation, 
showing that this dispositive also has potential for decreasing the time of therapy.  
5. CONCLUSION 
This research revealed through the use of wide-filed fluorescence imaging and fluorescence spectroscopy, the 
improvement in the ALA diffusion and PpIX production, due to ALA permeation through skin, in the presence of 
microneedles rollers in the healthy skin of pigs. Fluorescence images showed small circles with photosensitizer forming 
around the pores after treatment with microneedles rollers and ALA, demonstrating the diffusion of PpIX produced 
trough skin. These results suggest that the wide-field fluorescence too can be used in the drug diffusion evaluations.  The 
fluorescence spectroscopy indicated utmost ALA-induced PpIX for the groups pretreated with microneedles rollers 
mainly in the signal of fluorescence intensity. Wide-field fluorescence imaging and fluorescence spectroscopy revealed 
that groups pretreated with microholes induce elevated amount and homogeneity of PpIX production when compared to 
non-pretreated (needle-free) group. Thus, microneedles may be used as a tool in Improving the topical PDT, increasing 
the uniformity and production in extension of PpIX throughout the area to be treated, reducing the chances of recurrent 
tumor, and has the potential for decreasing the time of therapy. 
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